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Description 
Buckling Arm Robot 

Background of Invention 

[0001] 1. Field of the Invention. 

[0002] The invention relates to a buckling arm robot for machin- 
ing workpieces by means of laser radiation, wherein the 
buckling arm robot has at least first through fifth axes 
and a laser device. 

[0003] 2. Description of the Related Art. 

[0004] A buckling arm robot having the aforementioned features 
is disclosed, for example, in European patent 0 901 875. 
This known buckling arm robot is designed such that it 
can perform the required movements within the reach of 
its first through fifth axes in all directions of a Cartesian 
coordinate system. Numbering of these five axes is gen- 
erally known for buckling arm robots; beginning at the 
foundation or the ground with the vertically arranged first 
axis, the axes are numbered in an ascending fashion up to 
the robot hand. It should be noted that, as is conventional 


in the field, tlie term axis does not exclusively denote the 
pivot or rotational axes but also denotes the robot com- 
ponents that are moved about the axis, for example, the 
robot arms. 

[0005] Conventionally, in such known buckling arm robots, the 
third axis houses the laser device for generating laser 
beams with which the workpieces are to the machined. 

[0006] However, this is considered particularly unfavorable, es- 
pecially in regard to faster working movements, because 
this laser device significantly contributes to the weight 
that must be moved together with the third axis. Accord- 
ingly, on the one hand, this causes limitations with regard 
to the laser power because lasers with greater power can- 
not be employed because of their greater weight, and, on 
the other hand, the cycling time or the movement of the 
individual axes, in particular, of the first through third 
axes cannot be accelerated more because this results, on 
the one hand, in imprecisions of the movement course 
and, on the other hand, requires an unreasonably high 

technical expenditure and costs. 
Summary of Invention 

[0007] It is an object of the present invention to provide a buck- 
ling arm robot of the aforementioned kind that enables 


with technically simple means an increase with regard to 
the laser power as well as machining output (performance) 
while, at the same time, reducing the manufacturing 
costs. 

[0008] In accordance with the present invention, this is achieved 
in that the laser device is arranged on the second axis and 
the laser beams generated with the laser device, before 
striking the workpiece, are guided essentially within the 
third through fifth axes. 

[0009] It is of particular importance with respect to the invention 
that the laser device is now arranged on the second axis. 
In this way, the movement of the machining optics can be 
realized with significantly greater dynamics. Since the 
beam guiding devices are moreover arranged essentially 
within the interior of the third through fifth axes, they can 
be protected better with regard to external influences. In 
this way, a more favorable mass distribution is provided 
since the third axis, in comparison to known buckling arm 
robots, is significantly lighter. Moreover, in this way, the 
task of observing the boundary conditions for employing 
lasers in connection with robots becomes significantly less 
critical because the size and the weight of the laser are of 
secondary importance. Also, the laser is exposed to sig- 


nificantly reduced accelerations and speeds so that in tiiis 
way a liigher service life results in regard to the laser it- 
self. 

[0010] Furthermore, as a result of the advantageous mounting of 
the laser on the second axis, it is now also possible to 
employ laser devices of greater power and thus a greater 
weight. Moreover, as a result of the laser device arrange- 
ment according to the invention, laser devices of different 
manufacturers as well as laser devices of different types 
can be used. Since the laser device is no longer arranged 
on the third axis, significantly reduced interfering con- 
tours result during machining; this enables, of course, a 
more flexible use. This facilitates also three-dimensional 
machining of specially designed workpieces. Moreover, it 
is also possible to design the drive of the third axis, i.e., 
the robot arm, to be significantly slimmer and to have re- 
duced mass. This increases, in turn, the precision of the 
movements and contributes also to an increase of the 
movement speeds. 

[0011] Such a buckling arm robot with integrated beam guiding 
system has only five axes of movement. The beam guiding 
device is integrated into the mounting space of the drive 
strand of the missing sixth movement axis. This is suffi- 


cient in the case of laser applications where only the laser 
beam must be guided along a fixedly programmed ma- 
chining path. 

[0012] In laser applications where, for example, in addition to the 
machining optics, devices must be guided so as to be ori- 
ented relative to the movement path, six degrees of free- 
dom, and thus also a sixth robot axis, are required. 

[0013] In the case of the applications listed in the following, it is 
therefore necessary to provide a six-axis kinematic ar- 
rangement. 

[0014] _ Cold wire feeding for laser welding and laser soldering. 

[0015] _ Guiding of machining tools that are direction-depen- 
dent, for example, during laser coating. 
[0016] _ Guiding of an online path trailing sensor. 

[0017] _ Guiding of a geometry sensor for recording the result 
obtained by the machining process, a so-called online 
quality check. 

[0018] _ Guiding of other process devices, for example, pressing 

rollers and similar devices. 
[0019] _ Guiding of machining optics with double focus. 

[0020] _ Positioning of a scanner, for example, a beam deflection 
system. 


[0021] In these applications, it has been conventional up to now 
to mount an additional axis assembly between the fifth 
axis and the machining optics. The additional axis assem- 
bly has a servo motor drive and a hollow shaft gear 
through which the raw laser beam is guided to the ma- 
chining optics. Because of its size, this solution however 
limits the movability of the robot greatly and also disrupts 
the accessibility of the three-dimensional components. 
Moreover, the electrical output and signal lines for con- 
trolling the axis must be supplied from the exterior. In or- 
der to keep the size of the axis as minimal as possible, 
only very small and thus weakly powered drives are used. 
Because of the minimal power, correspondingly high re- 
duction ratios of the hollow shaft gear are required. This 
is disadvantageous in regard to the movement dynamics, 
i.e., the possible speed and acceleration, of the sixth axis. 

[0022] Another alternative for the above mentioned applications 

is the use of a 6-axis standard robot and an external 

beam admission. In the case of CO lasers, it however 
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limits the movability of the robot greatly and is also dis- 
ruptive as a result of its size. Therefore, usually fiber- 
guided lasers, for example, Nd:YAG lasers, are used in 
this connection. The light guiding cable or the fiber is 


connected to the machining optics mounted on the sixth 
axis. The size of the fiber connector and the required 
placement of the fiber result in large interfering contours. 
A further disadvantage are the high acquisition and oper- 
ating costs of solid state lasers. 
[0023] It is therefore advantageous when a sixth axis is arranged 
in the robot head and extends transversely to the fifth 
axis. 

[0024] In order to prevent interfering outer contours, it is advan- 
tageous when a drive for the sixth axis is arranged in a 
housing of the fourth axis. 

[0025] According to a further embodiment of the invention, it is 
provided that in a housing or the housing of the fourth 
axis a further drive for the fifth axis is arranged. 

[0026] It Is particularly advantageous in this connection when the 
drive for the sixth axis and the further drive for the fifth 
axis are arranged in the housing such that the first and 
second drive shafts of the two drives are oriented parallel 
to the fourth axis in the direction toward the robot hand. 

[0027] Of course, there are many kinds of movement transmis- 
sion systems. An advantageous configuration resides in 
that the drive shafts drive corresponding bevel gears. 

[0028] This has the following advantages. 


[0029] _ Integrated sixth axis. 

[0030] _ Kinematics transformable as a closed unit because the 
axes 4, 5 and 6 intercept one another at one point, a so- 
called 'central handd'. 

[0031] _ Drive is spatially separate from the beam guiding sys- 
tem. 

[0032] _ Compact configuration. 

[0033] _ fsjo additional interfering contours. 

[0034] _ No limitation with regard to movability of the robot. 

[0035] _ Short tool lengths, for example, short spacing of the 
center point of the wrist relative to the focus. 

[0036] _ Mass of the additional axis arranged closer to the robot 
base and must only be moved on the axes 1 through 4. 

[0037] _ Electrical output lines and signal lines for controlling the 
axes must only be guided to the axis 4. 

[0038] There are several possibilities for introducing the so- 
called raw laser beam into the axis system. It is, however, 
advantageous when the raw laser beam in operation of the 
device is essentially guided laterally along the robot arm 
structure between the second and the third axes and im- 
pinges essentially perpendicularly on the third axis. 

[0039] In this connection, it is particularly advantageous when 


the third axis is embodied as a drivable hollow shaft. 

[0040] One is particularly independent of the laser power when in 
operation the laser beams can be guided by means of a 
beam guiding system comprising several mirrors onto the 
workpiece and when this beam guiding system is ar- 
ranged within the third through fifth axes. 

[0041] According to a further embodiment of the invention, the 
mirrors are arranged such that, in operation, the laser 
beams in the area of the fifth axis or the robot hand im- 
pinge on the fifth axis so as to be displaced relative to the 
fourth axis and subsequently are directed by mirrors onto 
the workpiece. 

[0042] This is possible when the laser beams can be guided by 
mirrors. 

[0043] A particularly safe arrangement is provided when a first 
mirror is arranged such that it directs the raw laser beam 
of the laser device essentially concentrically to the third 
axis onto a second mirror that directs the laser beams es- 
sentially concentrically to the fourth axis onto a third mir- 
ror, wherein, for a free rotation of the fifth axis or the 
corresponding robot hand, this third mirror directs the 
laser beams transversely to the fourth axis outwardly onto 
a fourth mirror, this fourth mirror directs the laser beams 


approximately parallel to the fourth axis onto a fifth mir- 
ror that, in turn, directs the laser beams transversely to 
the fourth axis inwardly onto a sixth mirror that is ar- 
ranged at a point of intersection of the fourth and fifth 
axes, from where the laser beams are then directed onto 
the workpiece. 

[0044] In order to reduce the adjusting tasks with regard to the 
mirrors even more, it is advantageous when the laser 
beams can be guided by means of four mirrors onto the 
workpiece. A small number of mirrors means simultane- 
ously minimal power losses. 

[0045] Such an arrangement is particularly advantageous when a 
first mirror is arranged such that it guides the raw laser 
beam of the laser device essentially concentrically to the 
third axis onto a second mirror that is received in a mirror 
guide and guides the laser beams upon rotation of the 
fourth axis on a conical envelope surface in a defined way 
to the third mirror; the third mirror moves upon rotation 
of the fourth axis on a circular path and guides the laser 
beams onto a fourth mirror that directs the laser beams 
onto the workpiece. 

[0046] Several mirror guides are conceivable. It is however ad- 
vantageous when the mirror guide is comprised of a base 


member, a mirror receptacle, a coupling gear, and a con- 
necting element, wherein the base member of the mirror 
guided is supported to be rotatable about the third axis. 

[0047] According to a particularly simple configuration it is pro- 
vided that the circular path movement of the third mirror 
can be transmitted by means of a connecting element 
onto the mirror guide. 

[0048] |\/ioreover, it is possible to provide mechanical positive 

guiding of the movements of the connecting element or to 
move the connecting element by means of actuators op- 
erated with external When a mechanical movement trans- 
mission is selected, it is advantageous when the mechani- 
cal connecting element is a protective pipe positioned on 
the connecting axis of the two mirrors. 

[0049] An alternative to the coupling gear for a beam guiding de- 
vice with four mirrors is disclosed in the following. Ac- 
cording to the embodiment with reference to Figs. 1 
through 5, the possibility of an exchange of the a/2 me- 
chanical trailing by an electronic tilting mirror system is 
disclosed. In this case, by evaluating the measuring sys- 
tem signals of the fourth axis 4, the mirror is moved in 
both axis according to the defined geometric conditions 
by external energy-operated actuators. This does not re- 


quire a mechanical mirror guide. 
[0050] According to a further embodiment of the invention, it is 
provided that the connecting element is connected with 
one end to the base member of the mirror guide by means 
of a joint whose axis is positioned perpendicularly to the 
axis of rotation of the base member and, at the same 
time, passes through the point of intersection of the third 
and fourth axes. The other end is connected to the robot 
hand. 

[0051] Several coupling gears of a general type are conceivable. 
Advantageously, the coupling gear connects the connect- 
ing element with the mirror receptacle and is configured 
as a planetary gear. 

[0052] In this connection, it can be provided that a sun wheel of a 
planetary gear is fixedly connected to the connecting ele- 
ment and a second sun wheel is fixedly connected to the 
mirror receptacle, wherein two planet wheels that are 
fixedly connected to one another equiaxially are con- 
nected rotatably to the base member. For a total reduction 
ratio between the two sun wheels of 0.5, the mirror re- 
ceptacle moves precisely with half the angular velocity of 
the connecting element. In this way, the laser beam is 
guided precisely in the connecting axis between the sec- 


ond and third mirrors. 

[0053] For transmitting tlie individual movement of the individual 
mirrors, it is advantageous when the angle between the 
mirror surface of the second mirror and the fourth axis in 
the cutting plane is determined as follows. 

[0054] oc2 = 45°±arctan a / a ■ 0.5. 
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[0055] In this equation, a^ is the spacing between the second and 
third mirrors relative to one another and a^ is the spacing 
between the third and fourth mirrors relative to one an- 
other. The sign depends on the position of the fourth axis 
in space. 

[0056] For a further simplification, it is advantageous in this con- 
nection when the angle between the mirror surface of the 
third mirror and the fifth axis in the cutting plane is as 
follows. 

[0057] o(3A = 45° - arctan a / a -0.5. 
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[0058] In this equation, a^ is the spacing between the second and 
third mirrors and a^ is the spacing between the third and 
fourth mirrors relative to one another. 

[0059] Since the individual mirrors relative to their transmission 
capacity are very dirt-sensitive, it is advantageous when 
the interior of the entire beam guiding device is sealed 


relative to the drive of the axes. 

[0060] In order to be able to compensate manufacture-based 
tolerances of the individual components, it is advanta- 
geous when the laser device is designed to be adjustable. 

[0061] Because of the mirror guide according to the invention, it 
is possible to preselect the length of the fourth axis in a 
suitable way. 

[0062] In particular when machining plastic material, it is advan- 
tageous when a processing gas supply is present that can 
be designed in a suitable way. 

[0063] Of course, the invention also enables the use of different 
types of laser devices. 

[0064] According to one further embodiment of the invention, it 
is provided that the beam guiding system is realized by 
means of fiber-guided laser devices. 

[0065] As an alternative, it is also possible that the beam guiding 
system is realized by means of four mirrors as well as an 
optical element. 

[0066] Even though a plurality of optical elements is conceivable, 
it is advantageous that the optical element is a beam di- 
verting prism. 
Brief Description of Drawings 

[0067] Fig. 1 is a perspective view of a buckling arm robot ac- 


cording to a first embodiment of the invention, showing 
the five axes. 

[0068] Fig. 2 is a partial section view of the embodiment accord- 
ing to Fig. 1 in a view from the top. 

[0069] Fig. 3 is a partial section view of the embodiment of Fig. 1 
showing a section perpendicular to the paper plane of Fig. 
2. 

[0070] Fig. 4 is a partial section view of a second embodiment il- 
lustrating the mirror guide in a view similar to that of Fig. 
2. 

[0071] Fig. 5a partial section view of the second embodiment ac- 
cording to Fig. 4 in a view similar to that of Fig. 3. 

[0072] Fig. 6 is a partially sectioned view of a robot hand accord- 
ing to another embodiment. 

[0073] Fig. 7 is a sectioned side view similar to Fig. 6 with an ad- 
ditional drive for the fifth axis. 

[0074] Fig. 8 is a side view of the buckling arm robot comprising 
a laser on the axis 2 and a beam guiding device with four 
mirrors and a beam diverting prism. 

[0075] Fig. 9 is a plan view onto the buckling arm robot of Fig. 8. 

[0076] Fig. 10 is a detail view of the buckling arm robot accord- 
ing to Figs. 8 and 9. 
[0077] Fig. 11 is a detail view of the buckling arm robot illus- 


trated in Fig. 9 sliowing a focusing lens and a mirror 

guide. 
Detailed Description 


[0078] Different embodiments of a bucl<ling arm robot 10, 10' 

will be described in connection with Figs. 1 through 11. If 
not indicated differently, same elements are identified by 
same reference numerals. It should be noted that, as is 
conventional in the field, the term axis does not relate ex- 
clusively to the pivot or rotational axes but also to the 
robot components that are moved about the pivot axes, 
for example, the robot arms. 

[0079] The buckling arm robot 10 illustrated in Fig. 1 serves for 
machining workpieces by means of laser radiation. Such a 
buckling arm robot is configured in principle as disclosed 
in German patent document 43 35 367. Such a buckling 
arm robot 10 is designed such that its individual compo- 
nents can carry out the required movements in all direc- 
tions of the Cartesian coordinate system within the reach 
of its axes. This buckling arm robot 10 is provided with 
first through fifth axes 1, 2, 3, 4, and 5 for three- 
dimensional machining of workpieces. Each one of these 
five axes 1, 2, 3, 4, and 5 has a motor operator (servo 
motor) for the corresponding rotary drive (not illustrated). 


These motors can be controlled by a path control such 
that they cause the desired movements, in particular, axis 
movements. 

[0080] As illustrated in Fig. 1, the first axis 1 is the axis about 
which the entire remaining buckling arm robot 10 can be 
rotated about a vertical axis. Adjoining it is the second 
axis which is rotatable essentially perpendicularly to the 
first axis 1. The rotation about the second axis 2 is carried 
out about an axis that does not intersect the first axis 1. 
At the end of the second axis 2 remote from the axis 1, a 
third axis 3 is provided which enables rotational move- 
ment relative to this end of the second axis 2 wherein, 
however, this axis 3 is parallel to the second axis 2. For 
further increasing the mobility of the buckling arm robot 
10, a fourth axis 4 is connected to the third axis 3. The 
fourth axis 4 is perpendicular to the third axis 3 and in- 
tersects it. A fifth axis 5 about which the robot hand 24 
can pivot adjoins the fourth axis 4. This fifth axis 5 is es- 
sentially perpendicular to the fourth axis 4 and intersects 
it. 

[0081] Of course, the robot hand 24 has the required optics for 
laser machining by means of the buckling arm robot 10. 
[0082] As illustrated in all Figures, laterally along the robot arm 


structure of the second axis 2 and the third axis 3, a laser 
device 14 is arranged. The configuration is such that the 
laser beams 12 generated by the laser device can be 
guided substantially within the third through fifth axes 3, 
4, and 5 before impinging on the workpiece. The laser de- 
vice 14 is arranged such on the second axis 2 that the raw 
laser beam impinges perpendicularly on the third axis 3 in 
a direction parallel to the swiveling arm of the robot (not 
specifically identified). 
[0083] The third axis 3 is provided with a hollow shaft drive. The 
laser beam 12 is guided by the mirror 18! through this 
hollow shaft such that it is concentric to the axis 3 and 
impinges perpendicularly onto the fourth axis 4. At this 
point of intersection, a second mirror 1811 is arranged 
which directs the laser beams 12 essentially concentrically 
to the fourth axis 4 onto a third mirror 18III. For a free ro- 
tatability of the fifth axis 5 and of the robot hand 24 as- 
sociated therewith, this third mirror 18111 guides the laser 
beams 12 transversely to the fourth axis 4 outwardly onto 
a fourth mirror 181V. This fourth mirror 181V guides the 
laser beams 12 approximately parallel to the fourth axis 4 
onto a fifth mirror 18V that guides the laser beams 12 
transversely to the fourth axes 4 inwardly to a point of in- 


tersection of the fourth axis 4 and the fifth axes 5 where a 
sixth mirror 18VI is arranged. From the sixth mirror 18VI 
the laser beams 12 are guided onto the workpiece, after 
passing through the corresponding optics. This solution 
of the beam path is known already from European patent 
0 901 875. 

[0084] It is also possible to perform guiding of the beams by 

means of only four mirrors 20! to 201V. This is illustrated 
in Figs. 4 and 5. 

[0085] For this purpose, a first mirror 201 is arranged such that it 
guides the raw laser beam of the laser device 14 essen- 
tially concentrically to the third axis 3 and perpendicularly 
to the fourth axis 4 onto a second mirror 2011 that is re- 
ceived in a mirror guide 26 and is positioned approxi- 
mately at the point of intersection of the third and fourth 
axes 3, 4. From this second mirror 2011, the laser beams 
12 are guided by rotation of the fourth axis 4 on a conical 
envelope surface in a defined way to a third mirror 2011! 
that is arranged on the fifth axis 5 within a robot hand 24. 
Upon rotation of the fourth axis 4, this third mirror 20III is 
moved on a circular path and directs the laser beams 12 
onto a fourth mirror 201V that directs the laser beams 12 
onto the workpiece. 


[0086] This variant is thus similar to the solution with six mirrors 
with the difference that the second mirror 2011 guides by 
means of the mirror guide 26 the laser beams 12 by rota- 
tion of the fourth axis on a conical envelope surface in a 
defined way to the third mirror 20111. 

[0087] The mirror guide 26 is comprised of a base member, not 
identified by a reference numeral, a mirror receptacle (not 
identified), as well as a general transmission means, in the 
illustrated case a coupling gear, as well as a connecting 
element. In this way, the base member of the mirror guide 
26 is supported to be rotatable about the third axis 3. 
Upon rotation of the fourth axis 4, the third mirror 20III 
moves on a circular path. In order to transmit this move- 
ment onto the mirror guide 26, a mechanical connecting 
element (not illustrated) is used between the mirror guide 
26 and the third mirror 20111 or the robot hand 24. Even 
though not illustrated, this connecting element can also 
provide this movement by means of external energy- 
operated actuators and/or a combination of these trans- 
mission possibilities. 

[0088] For example, this connecting element can be a protective 
pipe positioned in the connecting axis of the second and 
third mirrors 2011 and 20111. 


[0089] jhe connecting element is connected with one end to tlie 
base member of the mirror guide 26 by means of a joint 
whose axis is perpendicular to the rotational axis of the 
base member and, at the same time, extends through the 
point of intersection of the third and fourth axes 3, 4. 

[0090] The other end of the connecting element is connected to 
the robot hand (robot head) 24. Upon rotation of the 
fourth axis 4, the base member of the mirror guide 26 is 
synchronously entrained in this way relative to the angle 
position of the connecting element. The connecting ele- 
ment itself can compensate rotation movements of the 
fourth axis in the connecting axis of the second and third 
mirrors 2011 and 20III. 

[0091] The mirror receptacle is pivotably supported on the base 
member in the same axis as the connecting element. In 
the mirror receptacle, the second mirror 2011 is mounted 
by means of a mirror flange comprising an adjusting de- 
vice. In order for the laser beam 12 to be guided in a de- 
fined way upon deflection of the connecting element 
about its axis of rotation in the base member into the 
connecting axis between the second and third mirrors 2011 
and 20III, a forced or positive coupling of the connecting 
element and of the mirror receptacle by means of a cou- 


pling is provided. It sliould be noted in this context tliat 
also other transmission possibilities are possible; how- 
ever, in the illustrated case, a coupling gear has been se- 
lected. There are also various possibilities for selecting a 
gear. 

[0092] The selected coupling gear has the configuration of a 

planetary gear. One sun wheel is fixedly connected to the 
connecting element and a second sun wheel is fixedly 
connected to the mirror receptacle. Two planet wheels 
that are fixedly connected to one another equiaxially are 
rotatably fastened on the base member. For a total reduc- 
tion ratio of the two sun wheels relative to one another of 
0.5, the mirror receptacle moves precisely at half the an- 
gular velocity of the connecting element. In this way, the 
laser beam 12 is precisely guided in the connecting axis 
between the second and third mirrors 2011 and 20III. 

[0093] In the angular position of the fourth axis 4 illustrated in 
Fig. 4, the angle between the mirror surface of the second 
mirror 2011 and the fourth axes 4 in the cutting plane is as 
follows. 

[0094] cxl = 45°+ arctan a / a ■ 0.5. 

3 2 

[0095] When rotating the fourth axis 4 about 180°, the following 
angle results. 


[0096] a21 = 45°- arctan a / a ■ 0.5. 
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[0097] The angle perpendicular to the cutting plane is a22 = 90° 

[0098] When however the fourth axis 4 is rotated out of the illus- 
trated position by 90° an angle a21 = 45°is generated in 
the cutting plane. 

[0099] The angle perpendicular to the cutting plane, depending 
on the rotational direction, is as follows. 

[0100] cx22= 90°± arctan a / a . 
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[0101] The third mirror 20III is mounted rigidly within the robot 
hand 24. The angle between the mirror surface of the 
third mirror and the fifth axis 5 in the cutting plane is as 
follows. 

[0102] cx3A= 45°- arctan a / a ■ 0.5. 
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[0103] The angle perpendicular to this cutting plane is a3B = 90° 

[0104] Even though not illustrated in detail, the interior of the 
entire beam guiding device relative to the drive of the 
axes 1 to 5 is sealed so that the risk of soiling of one of 
the mirrors is as minimal as possible. It is particularly ad- 
vantageous that the drive of the fifth axis 5 is a small mo- 
tor integrated into the pivot arm and rotating together 
with it. 


[0105] Because of the special beam guiding device, different arm 
lengths of the fourth axis 4 are possible. The tilting angle 
of the second mirror 2011 is relatively small as a result of 
the length ratio a^ / a^. Therefore, this system is suitable 
for different arm lengths or for different sizes of a^ with- 
out this requiring constructive changes of the mirror 
guide. 

[0106] In principle, the described solution of the mirror guide can 
also be used in connection with other axes where a laser 
beam is to be deflected in a defined way by approximately 
90°±a It was found in this connection that it is even pos- 
sible to select this angle o to be of a value up to 30° 

[0107] Moreover, the laser device 14 is designed to be ad- 
justable. This enables, on the one hand, the elimination of 
dimensional tolerances; on the other hand, it also enables 
the use of laser devices of most different kinds because a 
correct adjustment can always be ensured by means of the 
adjusting device. 

[0108] Finally, it should be noted that also any suitably designed 
processing gas supply, not illustrated in the Figures, can 
be used. It serves in particular for removing cutting waste 
that is produced when machining plastic material. As a re- 
sult of the arrangement of the laser device on the second 


axis 2, the movement of the machining optics can be real- 
ized with significantly greater dynamics. The resulting im- 
proved mass distribution facilitates also the movement 
control. The need for observing the boundary conditions 
for laser use in connection with robots is made signifi- 
cantly less critical in this way because the size and partic- 
ularly the weight are of secondary importance. The laser 
device is exposed to significantly reduced accelerations 
and speeds so that inter alia also a longer service life for 
the laser device results. 

[0109] In the Figs. 6 to 11 another embodiment of a buckling 
arm robot 10' is illustrated. This buckling arm robot 10' 
has arranged in the robot head 24 a sixth axis 6 that ex- 
tends transversely to the fifth axis 5. 

[0110] The drive 7 used for the sixth axis 6 is arranged in a 

housing 8 for the fourth axis 4. In this housing 8 for the 
fourth axis 4, there is also an additional drive 9 for the 
fifth axis 5. 

[0^11] The configuration of this buckling arm robot 10' has, of 
course, also all the features that have been described 
above in connection with Figs. 1 through 5. The robot 
hand assembly is thus still comprised of a drive system 
and a beam guiding system. In this embodiment of the 


buckling arm robot 10', the drive of the sixth axis is addi- 
tionally integrated into the housing 8 of the fourth axis 4 
or the drive system of the existing mechanism of the 
robot hand axis. 

[0112] The beam guiding system of the robot hand axis of the 
6-axis solution is similar to the 5-axis solution with re- 
spect to its configuration. The drive system is configured 
as follows. In the housing 8 of the fourth axis 4, the two 
drives 7 and 9 of the axes 6 and 5 are mounted such that 
the two drive shafts 7a and 9a point parallel to the fourth 
axis 4 in the direction toward the robot hand axis assem- 
bly or the robot hand 24. The drive shafts 7a and 9a are 
connected to the gears of the fifth and sixth axes 5, 6. In 
the present case, bevel gears 7b and 9b are used. 

[0113] The bevel gear set of the fifth axis 5, comprised of the 

bevel pinion 9b^ and a ring gear 9b^ is arranged in the in- 
terior and moves a pivot flange 9c of the fifth axis 5. This 
set of gears is embodied in connection with a hollow 
shaft. 

[01 1 4] The bevel gear set of the sixth axis 6, comprised of a 

bevel pinion 7b^ and ring gear 7b^ is arranged on the ex- 
terior. Via the drive shaft 7d, the rotational movement of 
this gear is transmitted through the hollow shaft of the 


gear of the fifth axis 5 onto an additional bevel gear set 
comprised of a bevel pinion 7b^ and a drive wheel 7b^. 
The drive wheel of this bevel gear set is also embodied as 
a hollow shaft and acts directly onto the rotatably sup- 
ported drive flange 7c of the sixth axis 6. Through this 
hollow shaft the raw laser beam 12 is guided. 

[0115] For increasing the total transmission ratio, it is possible to 
use between the two drives 7, 9 and the input pinions of 
the bevel gears of the hand axis a further gear stage or 
generally an additional gear, respectively. In this case, on 
each one of the two gears 7, 9, for example, a single- 
stage spur gear is mounted. In order to provide a more 
compact configuration, it is advantageous when the two 
gears are integrated into a common housing. This is not 
illustrated in the Figures. 

[0116] Moreover, it is advantageous to employ bevel gears of a 
hypoid configuration because they provide a greater axial 
spacing of the pinion shafts or input wheels for an alter- 
nate arrangement of the ring gears 7b^ and 9b^. In this 
way, the hand axis assembly is very compact and has 
small interfering contours. 

[0117] In the following, several beam guiding variants are de- 
scribed. 


[0118] First, beam guiding wlien employing a fiber-guided sta- 
tionary laser device is described. This configuration pro- 
vides two alternative embodiments. 

[0119] On the one hand, it is possible to arrange the admission 
of the laser beam guiding fiber laterally on the swinging 
arm of the second axis 2 is so that the beam exit is per- 
pendicularly oriented toward the third axis 3. This is simi- 
lar in principle to the beam coupling in the case of beam 
guiding of a CO^ laser. Downstream of the fiber connector 
or the fiber plug, a collimator optics or a collimator mod- 
ule is provided that shapes the raw laser beam 12 to the 
required raw beam diameter. The beam guiding system is 
otherwise identical to that of the buckling arm robot de- 
scribed above with reference to Figs. 1 to 5 employing 
four or six mirrors. 

[0120] This means that the beam 12 is guided via the first mirror 
181 concentrically to the third axis 3. From this point on, 
the description with regard to Figs. 1 through 5 applies in 
its entirety. 

[0121] On the other hand, it is possible to provide admission of 
the laser beam guiding fiber concentrically to the third 
axis 3 so that the beam exit is oriented perpendicularly 
relative to the mirror 1811 arranged at the point of inter- 


section of the third axis 3 and the fourth axis 4. 
[0122] Downstream of the fiber connector or fiber plug, there is 
also a collimator optics or collimator module arranged 
that shapes the raw laser beam 12 to the required raw 
beam diameter. 

[0123] On the mirror 18III arranged at the point of intersection of 
the third axis 3 with the fourth axis 4, the beam guiding 
system corresponding to the description in regard to Figs. 
1 to 5 applies wherein in this case however the first mirror 
181 is not used. This means that only three or five mirrors 
are required. 

[0124] In addition to the use in connection with the above de- 
scribed buckling arm robots 10 and 10', this solution is 
also possible with regard to other kinematic configura- 
tions, for example, a 5-axis or 6-axis portal robot. Such a 
portal robot is comprised of three linear axes that are ar- 
ranged at a right angle to one another. On the vertical 
axis, depending on the configuration, an assembly with 
two or three additional hand axes is mounted. This as- 
sembly is the complete lower arm of the already described 
buckling arm robot. This is not illustrated in the Figures. 

[0125] In this buckling arm robot, the fiber is guided to the 

buckling arm robot from the exterior to the connecting 


location at the upper arm, laterally on the swiveling arm, 
freely suspended, or supported by a balancer or by 
spring-loaded cable pulls. 
[0126] In the case of a portal robot, the fiber can be installed in 
the three basic axes or linear axes in energy chains with 
sufficient bending radii in a torsion-free way. A freely 
suspended admission as in the case of a buckling arm 
robot is also possible. This is also not shown in the Fig- 
ures. 

[0127] The following advantages result from this configuration. 
The fiber that is used for guiding the laser beam is very 
sensitive especially with regard to torsional loads. More- 
over, the additional bending radii must not be too small. 
In the described embodiments, the fibers are not torsion- 
ally loaded. In this way, a very long service life of the fiber 
is achieved. In conventional systems, the beam admission 
is realized directly at the machining optics. The fiber is 
laterally admitted and the size of the collimator module, 
of the fiber plug, and of the large bending radius of the 
fiber result in large interfering contours. In the above de- 
scribed solution, no additional attachments on the hand 
axes are provided. The movability and accessibility of the 
robot remains completely intact. 


[0128] In conventional systems, because of the beam admission 
and the resulting additional mass and inertia, a dynamic 
effect on the robot axes results that negatively affects the 
path precision. These effects do not occur in the above 
described integrated beam guiding system. 

[0129] However, a beam guiding system with four mirrors is also 
possible. Instead of the use of a mirror guide, as de- 
scribed above in connection with Figs. 1 to 5, it is possible 
for all embodiments to guide the raw laser beam 12 by 
use of a prismatic optical element K or beam diverting 
prism onto a conical envelope surface to the third mirror 
18III. The prismatic optical element K is mounted on the 
fourth axis 4 so as to rotate therewith. The laser beam 12 
is directed by the second mirror 1811 concentrically to the 
fourth axis 4. By means of the prismatic element K the 
laser beam 12 is then guided at an angle defined by the 
angle of the optical element K to the third mirror 18III. In 
this connection, a beam adjustment by movement or rota- 
tion of the element K is possible. This is particularly well 
illustrated in Fig. 11. While specific embodiments of the 
invention have been shown and described in detail to il- 
lustrate the inventive principles, it will be understood that 
the invention may be embodied otherwise without depart- 


ing from such principles. 


